[1] We report on the THEMIS and Double Star TC-1 observations at the geocentric distances of 3 < R < 8 R E during substorms on March 23, 2007. THEMIS crossed the inner boundary of the equatorial dusk-side plasma in the string-of-pearls configuration, allowing the dynamics of particle populations to be traced within time ranges from hours to 10 minutes. Observations show co-existence of the plasma sheet ion population (5 -30 keV) with the ring current ion population (100 -1000 keV) at 4 < R < 6 R E . The plasma sheet population was characterized by pronounced ''nose''-like dispersion with the spectral density maximum at $10 keV. The plasma sheet boundary, defined by a sharp decrease of the $1 keV electron flux, moved inward to R = 4 and outward back to $8 RE within about 1 hour. Local enhancements of the plasma sheet (1 -5 keV) electron flux with the characteristic time scale of 2 -10 min were detected at 5 < R < 6 R E during the substorm. Citation: Runov, A.,
Introduction
[2] The magnetotail plasma sheet (PS), containing high-b plasma with the typical ion energy of 5 -10 keV and electron energy 1 -5 keV, is an important source of hot plasma, observed in the inner magnetosphere. The inner edge of the PS, determined by $1 keV electron flux cutoff [Thomsen et al., 2002] is typically located near geosynchronous orbit (6.6 R E ) [e.g., Denton et al., 2007] . During active time, PS particles have temporally limited access to the innermost regions of the magnetosphere [e.g., Ganushkina et al., 2000; Friedel et al., 2001; Denton et al., 2007] . The models including quasi-static global electric field reproduce observable features such as ion ''nose''-like dispersion and ion and electron convection boundaries [Ejiri et al., 1980; Kerns et al., 1994; Angelopoulos et al., 2002] . It was found that closest to the Earth ion population may move from geostationary orbit into the plasmasphere up to L = 4.7 in about 1 hour during a substorm [Ganushkina et al., 2001] , while large-scale convection leads to the nose structure formation in >5 hours [Buzulukova et al., 2003] . The implication of more adequate global electric field models [e.g., Angelopoulos et al., 2002] does not reduce this time sufficiently. The inward displacement of the intense nose structure can occur under short-lived pulse electric fields [Li et al., 1998 ].
[3] Multi-point observations of the inner PS dynamics are required to separate the effects of the global and the transient electric fields. Four Cluster spacecraft provided valuable observations at high latitudes [e.g., Apatenkov et al., 2007] , at 4 R E at all LT range on the equator [Vallat et al., 2007] and simultaneously in opposite MLT sectors in correlation with Double-Star TC-1 (I. Dandouras et al., Energetic ion dynamics of the inner magnetosphere revealed in coordinated Cluster -Double Star observations, submitted to Journal of Geophysical Research, 2008) . The THEMIS mission provides an opportunity to probe the near-equatorial magnetosphere at a wide range of the geocentric distances . At the initial phase, five THEMIS probes scanned the dusk sector of the equatorial magnetosphere in a string-of-pearls configuration, successively crossing geostationary orbit, allowing to resolve the dynamics of the PS inner boundary during geomagnetic disturbances with time scales from hours to 10 minutes.
[4] In this letter we report on multi-point probing of ion and electron populations on the inner edge of the dusk-side PS during enhanced geomagnetic activity. The aim of this study is to reveal the temporal evolution of the PS inner edge on substorm time scales in order to determine the physics necessary to explain or properly model its behavior.
Data
[5] We discuss THEMIS and TC-1 observations during 11 -20 UT on March 23, 2007 when K p varied form 0+ to 3+ and AL < À150 nT with two peaks of À300 and À700 nT. This event was intensively studied , and papers in this special section].
[6] Figure 1 shows the pseudo-AE index, calculated from THEMIS ground based magnetometer data [Russell et al., 2008] and the potential difference across the polar cap (rF), calculated from the SuperDARN data, for March 23, 2007. A visual comparison showed a good agreement of the THEMIS pseudo-AE (further AE) and provisional AE from the Kyoto monitor. Five THEMIS probes were at the same orbit with apogee at 14.7 R E . During the inbound motion, they crossed the inner edge of the PS (the 1 -5 keV electron flux cut off) at LT % 23:10 with UT lags of 3 hours (between THC and THD), 10 min (between THD and THB, and THB and THA), and 2.5 hours (between THA and THE). TC-1 was in the dusk-side PS, crossing its inner edge simultaneously with the THDBA-cluster at LT % 20:00 ( Figure 1 , bottom plot). THC crossed the PS inner edge again at LT % 16:30 during the outbound motion. All SC probed the PS inner edge during enhanced activity: 100 < AE < 700 nT, and rF scattering between 45 and 70 mV ( Figure 1 , top plots).
[7] Figure [8] Figure 3 shows the ion ER spectrogram obtained by TC-1 HIA instrument [Rème et al., 2005] and ion and electron ER spectrograms collected by THC (outbound crossing) at 3 < R < 8 R E at 20:00 and 16:30 LT, respectively.
[9] The leading probe (THC) passed the geocentric distances 8 > R > 3 R E during 1112 -1408 UT (interval I in Figure 1 ), when AE first increased up to 350 nT, then decreased down to 200 nT and hDFi increased from 50 to 65 mV. THC detected the decrease of the 5 -10 keV electron flux at 8 > R > 7 R E with a pronounced dispersion. The 0.5 -5 keV electron flux, exceeding the threshold, was detected closer to the Earth, with a cutoff at R % 5 R E .
[10] THD, THB, and THA, separated by 0.4 R E , crossed the region 3 < R < 8 R E between 1350 and 1717 UT during the peak of AE and hDFi % 64 mV (interval II in Figure 1 ). THD and THB observed the E > 5 keV electron boundary moved inward to R % 6 R E . The 0.5 -5 keV electron boundary was detected at R = 4.2 R E , about 1 R E closer to the Earth than was observed by THC. The electron spectrum, obtained in the same region by THA 10 minutes later, shows a reduction of the E $ 5 keV electron flux at 6 < R < 7 R E . The enhanced flux with a set of quasi-periodic maxima appears between R % 6 and 5.
[11] THE, crossing 3 < R < 8 R E 2.5 hours later than THA (interval III in Figure 1 ), detected the boundary of the PS electron flux (0.5 < E < 10 keV) at R = 7 R E at 1800 UT. THC, during its outbound motion, detected the electron PS boundary at R = 7.7 R E at 18:30 UT.
[12] Information on the location of the $1 and $5 keV electron boundaries and the magnetic field from THEMIS/ FGM [Auster et al., 2008] at these points is summarized in Table 1 .
[13] The most distinctive feature in ion ER spectrograms is the high-phase-space density population with energies of 5 -50 keV (SST and ESA spectrograms, Figure 2) . This ion population, characterized by the nose-like dispersion with a spectral density maximum at E $ 10 keV, was detected by THC between R = 7.5 and 4.7 R E co-existing with 100 keV -1 MeV ions, forming the outer radiation belt. 3 hours later, this population was detected by THD, THB, and THA between R % 6.0 (6.4, THA) and 3.8 R E . The trailing probe, THE, passing 8 > R > 3 R E region 2.5 hours later than THA, detected the nose of 5 -20 keV ions between R = 6.5 and 4.5 R E with reduced flux density.
[14] During 1529 -1700 UT TC-1 crossed the equatorial PS between 18 and 20 LT at 6.5 > R > 3.5 R E , detecting a nose-like dispersion of the ion energy flux with the peak at 10 -11 keV (Figure 3, top plot) . THC crossed the region 3 < R < 8 R E at $16 LT during 1614 -1910 UT (roughly simultaneously with THE), detecting the 10 -40 keV ions at 4.2 < R < 7.0 R E (Figure 3) . No enhanced flux of ions with energy <10 keV was observed.
[15] Table 2 summarizes the UT and coordinates (R and LT) of the observed ion nose-like structure, and the magnetic field from THEMIS and TC-1 [Carr et al., 2005 ] FGM instruments at the nose locations.
[16] Since neither inward-outward motion of the electron plasma sheet boundary, nor ion nose-like structures were observed on the previous THEMIS orbit, these signatures may be attributed to the geomagnetic activity during 1100 -1900 (see Figure 1) .
[17] Figure 4 shows the electron energy-time (ET) spectrogram from THA/ESA, obtained during 1600 -1630 UT, and B x and B y components from THA/FGM with the IGRF subtracted. Quasi-recurrent 2 -3 min-long enhancements of the flux were observed during 8 min-long interval 1610 -1618 UT. They correspond to 2 min-long variations of the magnetic field, embedded into about a 10 min-long increase, detected by THA/FGM between 1606 and 1618. This increase and subsequent decrease in dB y may be interpreted as a signature of a field-aligned current from the outward leg of the partial ring current.
Discussion
[18] Multi-point observations by THEMIS and TC-1 spacecraft during the geomagnetic disturbances enabled the examination of the ion and electron distributions dynamics in the transition region between the dusk-side equatorial plasma sheet and the inner magnetosphere within time scales of 2 -3 hours and $10 minutes at different LTs.
[19] On the hours time scale, the observations show inward/outward motion of the electron plasma sheet boundary during the AE increase/decrease. The population of ions with energy 5 -50 keV with the nose-like dispersion appeared during AE increase at LT = 19 (TC-1) and 23 (THEMIS). The phase-space density of these ions decreased with the decrease of AE, while the average potential difference across the polar cap was stable.
[20] 5 -10 keV electrons penetrated to R % 6 R E and B % 130 nT during interval II (250 < AE < 600 nT). Tracing 5 keV electrons from the positions listed in Table 1 back in time in the dipole magnetic and the Volland-Stern (VS) electric fields with the actual K p [e.g., Angelopoulos et al., 2002] , we found their energy in the dusk-side PS at X = À12 R E to be 1.0 -1.2 keV. 0.5 -1 keV electrons penetrated up to R % 4 R E and B % 460 nT. Tracing 1 keV electrons, we found them on closed trajectories. On the other hand, $1 keV electrons persisted at R % 4 R E during $5 hours, suggesting a continuous refill from the PS. The above described model does not include a local electric field needed for this refill. This population disappeared when the substorm decayed.
[21] Interpreting the $5 keV electron flux cut-off as the closest approach of the gradient-drifting plasma sheet electrons (co-rotation drift is neglected), we may roughly estimate the electric field variability from the zero-flow point position: r 0 = [3mB 0 R E 3 /jqjE] 1/4 , where B 0 is the equatorial dipole magnetic field at R = 1 R E , and E is the electric field. Using the data for 5 keV electrons (Table 1) , we found that E increased by a factor of 1.4 between 1210 and 1549 UT, and decreased by a factor of 0.7 between 1604 and 1801 UT.
[22] 10 keV ions penetrated to R % 4 R E and B % 650 nT. Back-time tracing from the positions listed in Table 2 gives their energies at R = 12 R E in the pre-midnight PS of about 0.5 keV. These test particles travel from geostationary orbit to R = 4 R E during 5 -7 hours in the time-dependent VS electric fields with 2 < K p < 3.5. On the other hand, the dynamics of the PS-like ion population in a time scale of 1 -3 hours was observed. Thus although this model reproduce the nose-like dispersion, it is inadequate to describe the dynamics. The electric field variability estimation yields an increase by a factor of 1.2 between 1335 and 1652 UT and a decrease by a factor of 0.9 between 1652 and 1927 UT.
[23] On a small timescale, quasi-recurrent activations of the electron flux at energies 0.5 -5 keV with the characteristic time of 1 -3 min were detected during about 10 min-long interval at 5 < R < 6 R E by THA only. Since these activations were not detected by THD nor by THB, they are due to a short-time localized process. The characteristic time of the activations is consistent with the typical time scale of the fast-flow bursts in the magnetotail [e.g., Schödel et al., 2001] and dipolarizations, observed in the plasma sheet horn [Apatenkov et al., 2007] . Thus the localized electric field, due to the dipolarization following the flow burst, may lead to the observed electron flux enhancements. 
